ABSTRACT In the United States, insecticide is used extensively in the production of sweet corn due to consumer demand for zero damage to ears and to a sweet corn genetic base with little or no resistance to ear-feeding insects. Growers in the southern United States depend on scheduled pesticide applications to control ear-feeding insects. In a study of quantitative genetic control over silk maysin, AM-maysin (apimaysin and methoxymaysin), and chlorogenic acid contents in an F 2 population derived from GE37 (dent corn, P1A1) and 565 (sh2 sweet corn, p1a1), we demonstrate that the P1 allele from Þeld corn, which was selected against in the development of sweet corn, has a strong epistatic interaction with the a1 allele in sh2 sweet corn. We detected that the p1 gene has signiÞcant effects (P Ͻ 0.0001) not only on silk maysin concentrations but also on AM-maysin, and chlorogenic acid concentrations. The a1 gene also has signiÞcant (P Ͻ 0.0005) effects on these silk antibiotic chemicals. Successful selection from the fourth and Þfth selfed backcrosses for high-maysin individuals of sweet corn homozygous for the recessive a1 allele (tightly linked to sh2) and the dominant P1 allele has been demonstrated. These selected lines have much higher (2 to 3 times) concentrations of silk maysin and other chemicals (AM-maysin and chlorogenic acid) than the donor parent GE37 and could enhance sweet corn resistance to corn earworm and reduce the number of applications of insecticide required to produce sweet corn.
SWEET CORN, Zea mays L., is one of the most popular and economically important vegetables in the United States. Laughnan (1953) suggested that the shrunken2 (sh2) allele may have an application in the sweet corn industry, resulting in sh2 sweet corn that is preferred by consumers for ßavor (Tracy 1997) . The genetic base of sweet corn is largely from the northern ßints (Gerdes and Tracy 1994) , which tend to be more susceptible to many pests than indigenous North American races of corn. Because of the adaptation to an area where winter temperatures are generally too low to allow pupation of the corn earworm, Helicoverpa zea (Boddie) larvae, thus resulting in minor infestations, there is little selection for resistance to this pest. Breeding to extend the range of sweet corn southward involved crosses of the northern varieties with the southern dents (Collins and Kempton 1917, Mangelsdorf 1934) , which resulted in varieties with adaptation to the southern United States and resistance to corn earworm. Mechanical resistance to severe corn earworm damage is due to longer and tighter husks (Mangelsdorf 1934 , Tracy 1997 , which are not preferred in mechanized sweet corn production (Tracy 1997) . Consequently, because of the consumerÕs zero tolerance for sweet corn ear damage in U.S. markets, sweet corn growers in the southern United States spray insecticide as many as 25Ð 40 times per season to prevent insect damage to ears (Adams 1996 , Guo et al. 1999 ). This extensive use of synthetic insecticides in agriculture is of concern due to worker and consumer safety and environmental contamination.
Silk browning and cob color are controlled by the p1 gene, which also regulates pericarp color (Levings and Stuber 1971 , Coe and Han 1986 , Widstrom 1987 . In sweet corn, the preferred cob color is white. In the development of sweet corn, it was noted that silk browning was associated with undesirable cob color (Coe 1985) , and this characteristic proved to be a convenient selection criterion to exclude the undesirable cob color and browning silks. The silk browning was later found to be associated with compounds in the phenylpropanoid pathway that have an antibiotic effect against the corn earworm (Byrne et al. 1996a , Guo et al. 1999 . Among the natural products synthesized through this pathway are C-glycosyl ßa-vones, including maysin, apimaysin, and methoxymaysin, and the phenylpropanoid compound chlorogenic acid, which are found in corn silks (Waiss et al. 1979; Elliger et al. 1980a, b) . Upon silk wounding by an insect, ßavones and phenylpropanoids are oxidized by polyphenol oxidase to quinines, which can bind to the ÐSH and ÐNH 2 groups of free amino acids and proteins, making them unavailable for the insect growth (Wiseman and Carpenter 1995) , and resulting in silk browning (Levings and Stuber 1971 , Coe 1985 , Guo et al. 1999 . Because the P1 allele is associated with undesirable traits, colored cob, and silk browning, this allele was selected against during development of sweet corn and lost in the breeding selection process.
Maysin concentration in maize silks is genetically controlled by well characterized ßavonoid pathway genes such as p1 and by quantitative trait loci (QTLs), including some relatively poorly understood loci as revealed by DNA markers Ceska 1977, 1989; Byrne et al. 1996b; Grotewold et al. 1998; Guo et al. 2001b) . In QTL studies, the p1 gene is always identiÞed within a major QTL region controlling maysin concentration (Byrne et al. 1996b; Butró n et al. 2001; Guo et al. 2001b ). The functional P1 allele encodes a Myb-homologous protein that can bind to and activate transcription of the a1 gene and regulates the transcription of other ßavonoid pathway genes (Grotewold et al. 1998 , Bruce et al. 2000 . The p1 gene dictates the level of downstream biosynthetic gene expression and acts in an additive manner. The functional A1 allele encodes an enzyme that is involved in two branches of the ßavonoid pathway and converts dihydroßavonols and ßavanones (Styles and Ceska 1989) to 3-hydroxyanthocyanins, 3-deoxyanthocyanins, and phlobaphenes (Fig. 1) .
Apimaysin and methoxymaysin are highly related to maysin, structurally differing only by a 3Ј-hydroxyl group (apimaysin 3Ј-H, methoxymaysin 3Ј-OCH 3 , and maysin 3Ј-OH) (Fig. 1) . It had been assumed that apimaysin and maysin share the same structural enzymes, except ßavonoid 3Ј-hydroxylase, and require the same pools of metabolic precursors. Instead, Lee et al. (1998) suggested that the synthesis of apimaysin and maysin occurs independently, on the basis that an apimaysin QTL did not affect maysin synthesis and a maysin QTL did not affect apimaysin synthesis. Chlorogenic acid synthesis is not well understood nor is the genetic mechanism underlying its concentration in maize silk. In cultured maize cells, Grotewold et al. (1998) observed a compound that was indistinguishable from chlorogenic acid in UV absorption spectrum. This compound accumulated when p1 gene was expressed, suggesting that p1 gene expression can affect the level of chlorogenic acid. Schematic part of the ßavonoid and phenylpropanoid pathways leading to antibiotic compound biosynthesis in maize silks: intermediates, competing branch pathways, and the structures of chlorogenic acid and C-glycosyl ßavones, including maysin, apimaysin, and methoxymaysin. Functional A1 allele of a1 gene encodes for a dihydroßavonol 4-reductase (Bernhardt et al. 1998) , which is involved in two branches of the pathway.
We have characterized maize silk antibiosis to corn earworm and the antibiotic compounds in populations derived from four sh2 sweet corn lines crossed to two Þeld corn lines (Guo et al. 1999) . Transgressive segregation at the high maysin end was observed in all four populations derived from these crosses. Guo et al. (1999) suggest that a recessive enhancer from sweet corn in combination with a dominant factor from the Þeld corn resulted in drastically high maysin concentration. This motivated us to map these two factors in the genome (Guo et al. 2001a, b) to identify markers associated with silk antibiosis (Guo et al. 2000) . In current study, we report further details about the quantitative genetic control of synthesis of not only maysin but also AM-maysin (apimaysin and methoxymaysin) and chlorogenic acid. SpeciÞcally, we tested the hypothesis whether in sh2 sweet corn combination of alleles of P1 and a1 from different parental lines increased concentrations of these compounds in the segregation population and the utilization of these as markers in marker-assisted selection in sh2 sweet corn breeding.
Materials and Methods
Our base population for study was the F 2 of a cross between the inbred lines GE37 (P1A1) and 565 (p1a1). GE37, a Þeld corn with a high concentration of C-glycosyl ßavones (maysin, apimaysin, and methoxymaysin) and chlorogenic acid in its silks (Snook et al. 1993 , Guo et al. 1999 , was developed at the Georgia Agricultural Experiment Station. The 565, a sh2 sweet corn with essentially no C-glycosyl ßavones and a low concentration of chlorogenic acid in its silks (Guo et al. 1999) , was supplied by Syngenta Seeds, Inc. (Nampa, ID). According to phenotypic observations, we determined the allelic constitution at the p1 locus to be P1-wrb (colorless pericarp, red cob, and browning silk) for GE37 and p1-www (colorless pericarp, white cob, and nonbrowning silk) for 565. Testcrosses also indicate that GE37 has a functional A1 allele and 565 has a nonfunctional a1 allele. The 304 F 2 plants used in this study were derived from two self-pollinated F 1 plants, 142 plants from one F 1 plant and 162 plants from another. Two restriction fragment-length polymorphism (RFLP) markers, p1 and a1, have been used to assist selection in selfed fourth and Þfth backcrosses of (GE37 by 565) ϫ 565, by using 100 plants in each backcross.
Parental, F 1 , and F 2 plants were Þeld-grown. Plants were labeled individually. Leaf tissue was collected at the mid-whorl stage from F 2 individuals and bulked from samples of GE37, 565, and the F 1 for DNA preparation. In preparation for silk collection, top ear shoots were covered with shoot bags to prevent pollination. Two to 3 d after silks emerged from the husk, silks were collected from individual plants. The collected silks were weighed, placed into labeled 100 ml (4-oz) bottles Þlled with 100 ml of methanol and stored at Ϫ20ЊC. Extraction of maysin, apimaysin, methoxymaysin, and chlorogenic acid was conducted with methanol at 0ЊC for 2 wk. Apimaysin and methoxymaysin were not separately measured. Hereafter, we abbreviate the apimaysin and methoxymaysin as AM-maysin. Concentrations of these chemicals were determined by reversed phase-high-performance liquid chromatography (Snook et al. 1989 (Snook et al. , 1993 and expressed as percentage of fresh silk weight.
Genomic DNA was extracted from lyophilized, ground leaves by the mixed alkyltrimethyammonium bromide procedure (Saghai-Maroof et al. 1984) . Southern blotting procedures were as described by Guo et al. (2001b) . A total of 113 DNA probes were screened for polymorphisms against the DNA samples of GE37, 565, and (GE37 ϫ 565) F 1 digested with each of 13 enzymes: ApaI, BamHI, BglII, Csp45I, DraI, EcoRI, EcoRV, HindIII, PstI, SalI, SspI, XbaI, and XhoI. The 41 probes with polymorphisms were used for genotyping F 2 individuals.
2 tests were conducted to detect signiÞcant (P Ͻ 0.05) deviation of genotype classes from the expected 1:2:1 Mendelian segregation ratio. Genetic linkage groups corresponding to chromosomes 1, 3L, 5, and 6L in Davis et al. (1999) were assembled using MAPMAKER/EXP version 3.0 (Whitehead Institute, Cambridge, MA), with a minimum logarithm of the odds (LOD) score of 4.0 and a maximum distance of 50 cM (Haldane function) to obtain linkage. Loci orders within the linkage groups were veriÞed by the "ripple" command with window size 4 and LOD score 4. The chromosome assignment of each linkage group was established by comparison of the chromosomal assignment of the markers contained within the linkage group with their locations in the published maize linkage map (Davis et al. 1999) . Correlations between different chemical concentrations were obtained using the Spearman option in the CORR procedure in SAS software (SAS Institute 1989) . Association between restriction fragment-length polymorphism markers and chemical concentrations and the effects of interaction between marker loci on chemical concentrations were calculated using the analysis of variance (ANOVA). The "best" multilocus model was determined to be that which had the highest R 2 and in which each term was signiÞcant at the level of P Ͻ 0.01. Means of genotypic classes were calculated using the GLM with the LSMEANS statement.
Results
Frequency distribution of F 2 individuals of ßavone concentrations (maysin or AM-maysin) showed that Ϸ25% of individuals had extremely low concentrations of the ßavones (white bars in Fig. 2 and 3 ). The distribution of F 2 individuals for chlorogenic acid had one mode in contrast to that for ßavones that showed bimodal distribution (Fig. 4) . In all cases, a substantial number of plants had higher concentrations than the donor parental line GE37, which contributes the high value allele, indicating that transgressive segregation occurred. The correlation coefÞcients were signiÞcant (P Ͻ 0.0001) among maysin, AM-maysin, and chlorogenic acid, calculated from the data of all 304 ran-domly sampled F 2 individuals and 200 selfed BC 4 and BC 5 plants (Table 1) . To examine the relationship among these chemicals at the same level of gene dosage for p1 and a1, correlation coefÞcients were calculated from the data of the 77 F 2 individuals that were heterozygous at both p1 and a1. The correlation coefÞcients were signiÞcant (P Ͻ 0.0001) between maysin and AM-maysin, and between maysin and chlorogenic acid, whereas the correlation coefÞcient between AM-maysin and chlorogenic acid was significant at the P Ͻ 0.01 (Table 1) .
A Mendelian segregation ratio of 1:2:1 of GE37 homozygous alleles (A): GE37/565 heterozygous alleles (H): 565 homozygous alleles (B) was observed for all 41 polymorphic loci or restriction fragment-length polymorphism markers except umc6a on chromosome 2, php20608a on chromosome 4, and csu54b on chromosome 9. We used the ANOVA in the SAS GLM procedure in detecting the association between restriction fragment-length polymorphism markers and chemical concentrations, although the distributions were not normal as shown in Figs. 2Ð 4 (Doebley et al. 1990; Veldboom et al. 1994; Byrne et al. 1996b; Guo et al. 1999 Guo et al. , 2001b . Therefore, the signiÞcant loci or restriction fragment-length polymorphism markers detected using this method should be seen as the least number of loci or markers correlated with the concentrations of these chemicals.
The multilocus models that best explained variation for chemical concentrations were constructed in a stepwise progression. The correlation of each of the 41 loci or restriction fragment-length polymorphism markers with maysin concentration was calculated, and the signiÞcant locus (p1) that had highest R 2 was Fig. 2 . Frequency distribution of silk maysin concentrations (percentage of fresh silk weight) in F 2 population of (GE37 ϫ 565). White bars represent the total 304 F 2 individuals that were homozygous P1P1, heterozygous P1p1, or homozygous p1p1 alleles of p1 gene. Black bars represent the F 2 individuals that were only heterozygous P1p1 alleles of p1 gene. Fig. 3 . Frequency distribution of silk apimaysin and methoxymaysin (AM-maysin) concentrations (percentage of fresh silk weight) in F 2 population of (GE37 bϫ 565). White bars represent the total 304 F 2 individuals that were homozygous P1P1, heterozygous P1p1, or homozygous p1p1 alleles of p1 gene. Black bars represent the F 2 individuals that were only heterozygous P1p1 alleles of p1 gene. included in the model. Then, each of the remaining 40 loci or markers was added to the model, resulting in 40 two-locus models. One two-locus model (p1 and a1) with the highest R 2 was selected. The interaction between the two loci (p1 and a1) was added to the model, and it was observed that all three terms (p1, a1, and p1 ϫ a1 interaction) in the model were signiÞcant (P Ͻ 0.01). Each of the remaining 39 loci or markers was added to the model, resulting in 39 three-locus models from which the one was selected that had the highest R 2 and in which all terms (p1, a1, p1 ϫ a1, and npi409) were signiÞcant. The interaction between npi409 and p1 or a1 was not found to be signiÞcant. Due to the limited population size (304 individuals), the three-way interaction was not tested, and no further locus or marker could be added to the model at P Ͻ 0.01 level. For maysin the best multilocus model included the four terms of p1, a1, npi409, and p1 ϫ a1, accounting for 70.4% of the total phenotypic variation (Table 2 ). In the same way, the best multilocus models were constructed for AM-maysin and chlorogenic acid (Table 2 ). For AM-maysin, the best multilocus model included the four terms of p1, a1, umc132a, and p1 ϫ a1, accounting for 76.0% of the total variation. For chlorogenic acid, the best multilocus model included only two effects of p1 and a1, accounting for 17.2% of the total variation (Table 2) .
We found that npi409 was in the best multilocus model for maysin, whereas umc132a was included in the best multilocus model for AM-maysin. To further show the contrasting associations of npi409 and umc132a with maysin and AM-maysin, four-locus models, including p1, a1, npi409, and umc132a, were constructed for maysin and AM-maysin. In the fourlocus model for maysin, npi409 was signiÞcant (P ϭ Fig. 4 . Frequency distribution of silk chlorogenic acid concentrations (percentage of fresh silk weight) in F 2 population of (GE37 bϫ 565). White bars represent the total 304 F 2 individuals that were homozygous P1P1, heterozygous P1p1, or homozygous p1p1 alleles of p1 gene. Black bars represent the F 2 individuals that were only heterozygous P1p1 alleles of p1 gene. b The correlation coefÞcient calculated is based on the 77 F 2 individuals that were heterozygous at both p1 and a1 loci. 0.0059) for maysin, whereas umc132a was not significant (P ϭ 0.7389) for maysin. In contrast, umc132a was signiÞcant (P ϭ 0.0062) for AM-maysin, whereas npi409 was not signiÞcant (P ϭ 0.4829) for AM-maysin. Interactions involving npi409 or umc132a were not signiÞcant (data not shown) in these multilocus models. At the p1 locus, mean maysin concentrations were 1.018, 0.554, and 0.003% fresh silk weight for homozygous dominant, heterozygous, and homozygous recessive classes, respectively (Table 3), indicating that the effect of P1 allele on maysin was additive. The effects of P1 on AM-maysin and chlorogenic acid were additive or nearly additive as well (Table 3) . At the a1 locus, the mean of the homozygous a1a1 class was higher than those of heterozygous A1a1 and homozygous A1A1 classes for both maysin and AM-maysin concentrations, whereas there was no signiÞcant difference between the means of heterozygous A1a1 and homozygous A1A1 classes, indicating that a1 acts in a recessive mode for high maysin and AM-maysin. The a1 locus showed an additive effect on chlorogenic acid (Table 3 ). The genotype class means of p1 ϫ a1 interaction showed that a1 increases maysin or AMmaysin concentrations only when the a1 alleles from 565 are homozygous and at least one dominant P1 allele from GE37 is present (Table 3 ). The npi409 marker represents a QTL that acts in a recessive mode for high maysin, i.e., the mean of 565 homozygous class (0.62%) was signiÞcantly higher than those of GE37 homozygous (0.471%) or GE37/565 heterozygous (0.484%) classes. The umc132a marker represents a QTL that acts in additive mode for AM-maysin.
To examine the efÞciency of using marker-assisted selection, we selected individuals from the selfed backcrosses of BC 4 and BC 5 by using markers p1, a1, npi409, and umc132a (Fig. 5) . The increase in total silk antibiotic components was not signiÞcant by addition of npi409 and/or umc132a along with markers p1 and a1 (data not shown). To increase the efÞciency of selection with DNA markers, we dropped markers npi409 and umc132a. By using p1 and a1, we have selected selfed BC 5 individuals with an average maysin concentration of 2.1% fresh silk weight, which is 10 times higher than the 0.2% threshold level suggested by Wiseman et al. (1992) and Snook et al. (1993) that would decrease corn earworm larval weight by 50%.
Discussion
The ßavor of sh2 super-sweet corn is preferred by consumers. Twenty-two years after Laughnan (1953) predicted that sh2 may be useful, Ͼ90% of Florida sweet corn was supersweet (Marshall 1987) . Unfortunately, sh2 sweet corn has very little genetic variation for resistance to insects. To study insect resistance in sweet corn germplasm, Robertson and Walter (1963) initiated a translocation linkage study in an attempt to locate genes that might be responsible for the resistance to the corn earworm in sweet corn lines. Widstrom and Wiseman (1973) conducted a similar study, involving six sweet corn inbreds. Both studies located a gene on chromosome 5, and Widstrom and Wiseman (1973) detected another gene on the long arm of chromosome 4 for resistance to this insect. In this study, we demonstrated that the P1 allele can have a major role in the resistance of sh2 sweet corn to corn earworm, an allele that was lost in the historical development of sweet corn because of its pleiotropic effect on the undesirable cob color and silk browning. The P1 allele has signiÞcant effects on biosyntheses of silk antibiotic compounds, maysin, apimaysin, methoxymaysin, and chlorogenic acid.
In the (GE37 by 565) F 2 population, the P1 allele from the donor parent accounted for 61% of the phenotypic variation of maysin concentration, and the means of maysin for different genotypic classes showed that P1 acted in additive manner on maysin concentration. The a1 locus from the recurrent parent is the second important QTL detected in this population, accounting for 6.4% of the phenotypic variation, which acted in a recessive manner for high maysin (Guo et al. 2001a, b; McMullen et al. 2001) . The epistatic interaction between p1 and a1 on maysin and AM-maysin concentrations was clearly demonstrated in this study and others, in which recombined individuals with P1 from one parental line and a1 from another parental line have 2Ð3 times higher silk ßa-vones (maysin and AM-maysin) than the donor parental line GE37. These results are consistent with the Þndings in the genetic strains and stocks of p1 and a1 reported by Ceska (1977, 1989) , in the (GT114 ϫ GT119) F 2 population by Byrne et al. (1996) , and in the p1-transgenic BMS suspension cells by Grotewold et al. (1998) . In a recent similar study, b SigniÞcant level is P Ͻ 0.0001 for all comparisons except those involving chlorogenic acid, in which the signiÞcant level is P Ͻ 0.01. Within each group of comparison in a column, means followed by the same letter are not signiÞcantly different. (from 565 sh2 sweet corn) are boldfaced (arrows). Loci markers are to the right of each chromosome (top large number), and genetic distance in centimorgan is to the left. The map was constructed using MAPMAKER/EXP version 3.0. The chromosome afÞliation of each linkage group was established by comparison of the chromosomal afÞliation of the markers contained within the linkage group with their locations in the published maize linkage map (Davis et al. 1999 ). Guo et al. (2001b) reported the QTLs associated with silk maysin in the F 2 population of (SC102 ϫ B31857) (Þeld corn ϫ sh2 sweet corn), in which they found that two markers ßanking the p1 locus on chromosome 1, npi286 associated with 25.6% of silk maysin variance for segregation in that region, and csu3 associated with 17.9% of the phenotypic variance for segregation in that region. In this study, the (GE37 by 565) F 2 population segregated for both P1 and a1 alleles, which come from different parental lines, in comparison with the F 2 population of (W23a1 ϫ GT119) reported by McMullen et al. (2001) in which both P1 and a1 alleles are from same parental line W23a1. We found further details about the roles of p1, a1, and the epistatic interaction of p1 and a1 in quantitatively genetic control over apimaysin and methoxymaysin. The p1 acts on apimaysin and methoxymaysin in an additive manner and a1 in a recessive manner in the same way as on maysin. This also can be supported by the high correlation of maysin concentration with AM-maysin concentration (r ϭ 0.92, P Ͻ 0.0001). To examine whether the ßavonoids share other genes as well as p1 and a1, another correlation coefÞcient (r ϭ 0.65, P Ͻ 0.0001) was calculated from the F 2 individuals that were heterozygous at both the p1 and a1 loci. In this circumstance, the lower correlation coefÞcients between maysin and AM-maysin can be attributed to some gene(s) other than p1 and a1, such as additional QTLs detected in this population on chromosomes 5S and 6L, which were involved in the synthesis of maysin or AM-maysin. Lee et al. (1998) concluded that apimaysin and maysin synthesis pathway occurs independently. We also further delineated the roles of p1and a1 as having quantitatively genetic control over chlorogenic acid (Bushman et al. 2002) . SpeciÞcally, our results support the suggestion by Grotewold et al. (1998) that p1 gene regulates the synthesis of chlorogenic acid. Antibiotic activity of chlorogenic acid against corn earworm is equivalent to that of maysin because of the structural similarity (Elliger et al. 1980a, b) . Apimaysin and 3Ј-methoxymaysin have antibiotic activities equivalent to Ϸ50% of that for maysin. Therefore, improvement of chlorogenic acid and AM-maysin (apimaysin and 3Ј-methoxymaysin) may be important to the capacity of host plantsÕ resistance to insects when individuals have substantial amount of these minor compounds (Wiseman et al. 1996 , Guo et al. 1999 .
The effect of a1 gene shows dominant gene action for low maysin and signiÞcant epistatic gene action with p1gene (Guo et al. 1999) . The increases in concentrations of maysin, AM-maysin, and chlorogenic acid may be explained. The dominant functional allele A1 causes anthocyanin pigments to form in the aleurone, plant, and pericarp tissues, the recessive nonfunctional a1 allele causes absence of pigment (colorless) in these tissues (Neuffer et al. 1997) . The A1 encodes for a dihydroßavonol 4-reductase (Reddy et al. 1987 , Bernhardt et al. 1998 ). This enzyme is involved in two branches of the ßavonoid pathway ( Fig. 1) and converts dihydroßavonols as well as ßavanones Ceska 1977, 1989) . Dihydroßavonols are the precursors of 3-hydroxyanthocyanins, whereas ßa-vanones are precursors of the 3-deoxyanthocyanins and phlobaphenes (Fig. 1) . Styles and Ceska (1977) reported that the A1 allele is required in the pathways leading to anthocyanins and 3-deoxyanthocyanins, but not in the pathway of p1-regulated ßavones. Homozygous recessive a1 alleles would block the pathways and prohibit the synthesis of the 3-hydroxyanthocyanins and 3-deoxyanthocyanins, resulting in the release of precursors or intermediates for the p1 regulated ßavone pathway Ceska 1977, 1989) . Therefore, a block at the a1 locus could accumulate the intermediate ßavanones, which are available for biosyntheses of C-glycosyl ßavone (e.g., maysin) and chlorogenic acid (Fig. 1) as demonstrated by a recent study (Pelletier et al. 1999) , by using Arabidopsis as a model for studying the ßavonoid biosynthetic pathway regulation. Pelletier et al. (1999) revealed that mutant lines blocked at intermediate steps of the pathway actually accumulated higher levels of speciÞc ßavonoid enzymes and other end products.
The presence of maysin and its analogues with antibiotic activity in silks is an important defense against invasion of the ear by corn earworm in the southern United States thorough knowledge of the inheritance of these compounds will assist breeders in choosing the most efÞcient method of incorporating this trait into elite sweet corn inbred lines. Silk maysin concentrations Ͼ0.2% begin to substantially reduce larval growth and prevent completion of the life cycle when husk coverage is sufÞcient to force the insect to feed on silks while entering the ear (Wiseman et al. 1992) . Chlorogenic acid and two maysin analogs, apimaysin and 3Ј-methoxymaysin, were found in such minor quantities in this mapping population that they could not be credited with any substantial impact on antibiotic activity against the corn earworm as tested by Guo et al. (1999) . Therefore, selection has been focused on silk maysin concentration with marker assistance. Because of the close linkage of a1 and sh2 (Mains 1948 , Neuffer et al. 1997 ) and the association of high maysin with the homozygous sh2 trait (Guo et al. 1999) , the plant breeder could introgress resistance to the corn earworm into elite sh2 sweet corn material easily with marker selection for P1 allele. If silk browning and cob color are critical factors for maysin production in sweet corn but lacks customerÕs preference, then separating the red cob and browning silk, which are controlled by the P1 allele, may be difÞcult, if not impossible. In this study, the high maysin lines selected from the cross of (GE37 ϫ 565) are clear pericarp, red cob, and browning silk. There are some Þeld corn germplasm with p1-wwr alleles (clear pericarp, white cob, and browning silks), but the amount of antibiotic ßavones and their potential as a donor need further investigation. ment Agreement between USDAÐARS and Syngenta Seeds, Inc., and grants from Georgia Agricultural Commodity Commission for corn.
